This paper decomposes ecommerce business process into website quality and profitability and measures the efficiency in each sub-stage and the whole process. By comparing with efficiency scores in CCR, BCC and Kao and Hwang (KH) (2008) model, this paper finds that CCR and BCC model overvalues efficiency scores in contrast to KH model, which also implicitly reveals the poor coordination among business processes. From a single sub-process, it is more critical to improve website quality than profitability based on either sub-stage efficiency scores or return to scale analysis, while the profitability plays a more important role in the whole stage. This paper thus gives managerial insight on resizing its scale and optimizing resource allocation.
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Introduction
The increasingly popularity of e-business causes evolving strategies innovation and business model reform. Whatever strategy a firm takes, the ultimate purpose is to gain profit or good performance. However, since that the e-business is a new industry and its development brings the innovation and reform from firm level to organization level, even to the whole macroeconomic environment, different researches explore the key factors affecting e-business economic performance from different perspectives. Some consider that the website design is a critical aspect of e-business strategy and plays an important role in attracting and retaining customers [1, 2] . A high-quality website not only brings the huge web traffic but also affects the customers' purchasing decision [3] . The service quality, website design, information quality, process management and ease of use are considered as the 6 dimensions affecting consumer satisfaction [4] . For e-business websites, several authors identify that website navigation, information, content, security, privacy, ease of use, real-time support, reliability, design and ease search are the key dimensions [5, 6] . For example, in the face of massive information, users often are only interested in the top list of search results, and if the website is not easy to be searched, it is possible for the visitors to convert into other websites, and result in the consumer loss. Especially in the network economy, it is important to correctly manage technology and website information to win sustainable competitive advantage.
With the rise of the big data in the internet, data mining and machine learning have become powerful tools for internet marketing and strategy. For example, online multiple instance learning based on boosting algorithm for moving object detection contributes to overall and rich information and data collection [7] . Robust Twin Support Vector Machine (R-TWSVM) can deal with noise data efficiently [8] . Due to the development of information and technology and the increasing popularity of e-business, e-commerce website quality and profitability evaluation becomes more and more important.
According to Porter's generic competitive strategy, the profitability of enterprises depends on industry conditions and values they can create more than their competitors. The value creation in e-business mainly results from information exchange benefits, high reach and richness of information, and network effect [9] . Thus the value chain in e-business is divided into two stages. In the first stage, initial input is converted into website quality, and in the second stage, the website quality is converted into profitability. Through the efficiency decomposition as website quality and profitability, this paper aims to answer the following questions:
1. Which sub-stages cause the overall operations inefficiency in ecommerce? 2. How does website quality affect profitability? In order to give accurate answers to the above questions, appropriate methods need to be constructed. Data envelopment analysis (DEA) is a popular approach for measuring performance and resource waste of decision making units (DMUs) using multiple inputs to generate multiple outputs. It was initially proposed by Farrell (1957) [10] , then extended by Charnes et al. (1978) [11] (CCR) & Banker et al. (1984) [12] (BCC) to the constant return to scale (CRS) in the CCR model and the variable return to scale(VRS) in the BCC model.
Both CCR and BCC models are used to measure the efficiency in a single stage. In order to explore the series relationship between the two-stage of production process or value chain, two-stage models were developed by several scholars [13] [14] [15] [16] [17] [18] . [13] introduced a network DEA model, which contributed to a greater understanding of inner production process [19] . Seiford and Zhu (1999) [20] developed a two-stage DEA to evaluate the profitability and marketability of 55 US commercial banks. They used three independent DEA models to calculate the efficiencies of the first stage, second stage, and the whole production process respectively. Similarly, Zhu (2000) [21] analyzed the financial efficiency of the Fortune 500 companies. However, the above studies are still in the frame of internal intermediate conflicts to evaluate the performance. For example, the outputs in the stage1 should increase while it should reduce as the inputs of the stage 2. In order to correct this intermediate conflicts, Kao and Hwang (2008) [18] modified the standard DEA model by empirical studies on non-life insurance companies in Taiwan. And their studies show that the relational model not only give a better description on the relationship between the whole process and subprocesses, but also produce more reliable results in efficiency measurement compared with the independent model. Since the two-stage DEA model was introduced, it has also been applied to measure the efficiency in the fields of bank [22] [23] [24] [25] , Container Ports [26] , Purchasing and Supply Management (PSM) [27] , supply chain [28, 29] and other physical entities.
Given production process of e-business firms as the first-stage (transit) efficiency and second-stage (financial) efficiency (see figure1), this paper uses the standard DEA model to evaluate the efficiency of website quality and profitability in each stage separately first, then used the network DEA model to measure their internal relationships. The aim is to explore how website quality affects e-business profitability, and find the internal resource waste. At a managerial level, this paper wishes to give suggestions on how to optimize the production process and resource allocation. The rest of the paper is organized as follows. Section 2 reviews the literature and describes methods. Section 3 presents empirical research results and discussions. Section 4 generalizes conclusions and further research.
Methods
Two-stage DEA
The most appropriate DEA models are those that are capable of measuring the conversion efficiency of initial input drivers into website quality (intermediate) while website quality converts into ultimate profitability. The two-stage DEA model, developed by Seiford and Zhu (1999) [20] to measure the profitability and marketability of 55 US commercial banks, is called as the standard two-stage DEA model. A common feature in the standard two-stage model is that the efficiency scores of various stages are independently calculated under CRS and VRS model. The following is the overall efficiency of the standard DEA model:
Here is the initial input in the first stage, and 0. is the output in the first stage and also is the input in the second one, which is called intermediate indictors. The above models (2) and (3) ignore the potential conflicts between the two stages arising from the intermediate measures [30] . Because intermediate variables are not only the outputs in the first stage but also the inputs in the second stage, and from the perspective of single production process, the intermediate (the outputs ) in the first stage should be increased, meanwhile, as the inputs of the second stage, the intermediate should be reduced. In order to solve this internal conflicts, Kao and Hwang (2008) [18] introduced the twostage DEA model by defining the whole-stage efficiency of as the product of the two sub-stage efficiencies, namely = . Considering the internal linking and series relationship between the two stages, they assumed that = for d= 1, , D. And thus, the two-stage DEA model constructed for measuring the overall performance of each DMU is as follows: 
According to ecommerce development characteristics, the inputs are more controllable. Therefore, input oriented CCR and BCC models are used to measure the efficiency scores in each stage. For contrast, the relational two-stage DEA models by Kao and Hwang (2008) [18] are employed to find the internal operations and linking relations by calculating the overall and sub-stage efficiency scores. We aim to finding which stage caused the inefficiency and exploring how website quality affects the profitability in pure ecommerce firms.
Specification of input and output indicator
In DEA model, different variables combination can produce different efficiency scores. Thus it is important to choose appropriate indicators in efficiency measurement. Generally, an enterprise's development is contingent on the inputs of total operating expenses, total assets and the number of employee. Under the condition of ecommerce, attracting visitors, online transactions and logistics delivery are considered as the main business. The expenses of logistics, advertising and IT development account for more than 20% of total operations expenses according to the reports from Great Wall Securities of China, an organization of securities, futures and fund management. Therefore, we use total operating expenses, total assets and the number of employee as the initial inputs.
Understanding how website quality affects consumers' cognitive preference and purchasing decision can give some insights on how to improve e-business firms' financial performance. Compared with the traditional retail business, the customers do trading by the internet in ecommerce. A website is an important platform of transaction and information. The richness of information, online-service, easy to use, interactivities, users' experience, web traffic and reliability are the crucial factors affecting customers' purchasing decision. Thus, website quality is measured from four dimensions: brand, visitors, interactivities and speed in this study.
Considering external market competition, profitability measurement in ecommerce is divided into 3 parts: business revenue, operating profit and revenue market share, which respectively reflects sales force, profitability and market competiveness. The detail specification of intermediate (website quality) and final outputs (profitability) indicators is given in table 1.
Table1: Indicators specification of e-business website efficiency evaluation Dimension Name Definition metrics
Website quality
Alexa traffic ranks
Global rank is counted by the sum of daily average user visits and daily average page hits over the past three months.
How popular a site is relative to other sites?
The total links
Counts the number of sites linking to this site.
Interactive with other sites
The load time
The load time of an individual page is how long it takes for the DOM -the structure of the page -to be loaded.
How fast a page is loaded?
Daily Time on Site per visitor
The metrics are updated daily based on the trailing 3 months. Daily Time on Site per visitor can estimate daily time on site (mm:ss) per visitor to the site.
users' experience
Unique visitors
Unique visitors refer to the users with different IP address, which are counted by the mean in the past three months.
Website traffic and users' scale
Profitability
Business Revenue
Income that a company receives from its normal business activities, usually from the sale of goods and services to customers.
Sales force
Operating Profit
Operating profit equals sales revenue minus cost of goods sold and all expenses except for interest and taxes. This is the surplus generated by operations.
Profitability
Revenue market share Revenue market share (%) = 100 * Sales Revenue ($) / Total Market Sales Revenue($) Market competitiveness
Sample and data
The samples in this study are mainly from e-commerce/e-business quoted companies in the stock market of Shanghai, Shenzhen, Hong Kong, National Association of Securities Deal Automated Quotations (NASDAQ) and Taiwan. It is should note that e-commerce/e-business quoted companies in this sample only refer to the pure dot com companies rather than those companies with e-business application in a part of business. The reason why choose ecommerce website as the research sample is Chinese ecommerce market scale has realized the leap frog development in recent years. In 2013, e-commerce market scale in China achieved 99,000 billion Yuan, a 21.3% of year-on-year growth according to the reports of IResearch, a famous internet research consulting company in China. Under this background, this research hopes to provide some references and suggestions for ecommerce enterprises strategy development.
Financial data of e-business firms is collected from financial statements of quoted company in 2012, the company news and "China B2C online retailer Top50 Research Report", published by IResearch (www.iresearch.cn). Data of website quality is mainly got by Alexa (www.alexa.com) which is the leading provider of global web metrics.
Empirical results and discuss
Website quality and profitability conversion efficiency evaluation
Without considering the internal intermediate conflicts, ecommerce efficiency in each stage is respectively counted by the standard CCR model and BCC model. The results show the conversion efficiency in website quality is lower than that in profitability. Kao and Hwang (2008) [18] model reveals the same results. It means ecommerce websites do not fully take advantage of the characteristics of attracting users and marketing online, and thus there is still much room for website quality improvement.
To be specific, 3 DMUs achieve full efficiency in the first stage. Namely, only 12% websites in this sample present the optimal resource allocation in website quality, they are respectively 300295.SZ (www.house365.com), 4965.TWO (www.pcstore.com.tw) and 002095.SZ (corp.netsun.com). However, these efficient DMUs in website quality do not achieve full efficiency in profitability. On the contrary, they have lower or poor efficiency scores in the second stage (profitability). It implicitly shows for these DMUs, it is profitability to cause technical inefficiency in the whole stage.
When it comes to profitability, 5 DMUs achieve full technical efficiency in the second stage (profitability), which is account for 20% of the sample. However, none of them is efficient in website quality. Please see table2. For these DMUs, website quality plays a critical role in causing technical inefficiency of the whole stage.
Taken into account internal operation and linking activities, the results of KH model indicate that the whole and sub-production stage efficiency in ecommerce are very low, which implicitly suggests that ecommerce efficient operation need consider the internal business process, organization structure and external market competitive environment. Namely, though e-business tools contribute to cost reduction and time saving, if there is no smooth production process, strong information technology supports and matched logistics and services, virtual operation in ecommerce firms will get failure. The mean of overall efficiency scores in standard DEA model (CCR and BCC) is far higher than that in KH model, which also identities the weak coordination among business processes. 
Return to scale analysis in each stage
Return to scale (RTS) measurement is very useful in DEA application. In a view of production theory, it gives the insights on how scale affects operations efficiency. Input oriented RTS analysis is done to find how to improve operations efficiency by resizing a DMU's scale in each sub-production stage and the whole stage.
The results in table3 show that most inefficient DMUs present decreasing return to scale in the first stage. Namely, the proportionate rise in the inputs overpasses that in the outputs. Accordingly, in the first stage, the initial inputs should be reduced, while the websites' functions (outputs in the first stage) such as attracting visitors, online advertising and marketing, interactive service with consumers etc., need to be improved.
Interestingly, in the second stage, all inefficient DMUs show increasing return to scale. It means that the proportional rise of inputs in website quality is less than that in profitability, so it needs to improve website quality to achieve constant return to scale. The results in both the first stage and the second stage emphasize the importance of website quality improvement.
Return to scale in the overall efficiency without intermediate factors indicates that most inefficient DMUs exhibit decreasing return to scale, which means there is a shortage of profitability improvement in the conversion from the initial inputs to the final outputs. Therefore, it is necessary to enhance the profitability in the overall production process. 
Conclusions and future work
Increasing popularity of ecommerce makes it become growingly important for website quality and profitability evaluation in ecommerce firms. By decomposition ecommerce business process into website quality and profitability, we get some interesting and suggestive findings.
First, in standard two-stage DEA (CCR and BCC) measure, both sub-stage and overall efficiency in ecommerce are higher than that in KH model taken into account internal series relationship and linking activities. In other words, efficiency score in standard two-stage DEA is overvalued in contrast to that in KH model, which also reveals the poor coordination among business processes. From a managerial view, virtual operation in ecommerce firms needs to focus on e-business application match with organization structure and internet strategy so that it can take advantage of cost saving to increase overall operation efficiency.
Secondly, either in CCR, BCC or KH model, website quality is the main factor resulting in operation inefficiency. As an important transaction and communication platform, a website needs to take better use of the characteristics of attracting visitors and online marketing for the efficiency improvement. Of course, profitability is as important as website quality, any change between the two will cause efficiency changes.
Thirdly, when it comes to how to optimize resource allocation by resizing the scale, return to scale analysis in sub-stage and overall production process is done. The results indicate that there is decreasing return to scale in the first stage and increasing return to scale in the second stage, and accordingly decreasing return to scale in the whole production stage. It implicitly suggests it is more urgent to improve website quality in the two sub-stages. In contrast, profitability plays a more important role in overall operation efficiency improvement.
The above findings provide interesting insights to how to improve operation efficiency according to website quality and profitability. However, there are also some limitations in this study. First, the total inputs of operations cost, assets and employee can be shared with the two sub-stages. Secondly, the sample is very small due to the nature of emerging industry. The above limitations can be further solved by the data and methods improvement in the future works.
